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[0008] It is an object of the invention to provide an op- 
tical information medium of the kind described in the 
opening paragraph, in which an optimal recording and 
erasing behavior is achieved with a laser-light write 
pulse strategy which is substantially equal for the re- 
cording layers and a recording velocity which is substan- 
tially equal for the recording layers. 
[0009] This object Is achieved in that 

the first recording stack comprises a phase change 
type recording layer of a kind selected from a kind 
with substantially growth dominated crystallization 
and a kind with substantially nucleation dominated 
crystallization and 

the second recording stack comprises a phase 
change type recording layer of a kind different from 
the kind selected for the first recording stack. 

[001 0] The principle of the optical information medium 
of the invention can be schematically explained by e.g. 
the following layer stojcture: 
IIP^MSIIPsllMI 

wherein IP<|I is the first recording stack, IP2I is the sec- 
ond recording stack, wherein I and S have the above- 
mentioned nr^antng. M is a metal mirror layer and P^ 
and P2 are phase change type recording layers of a dif- 
ferent kind. During recording and reading the laser-tight 
beam of an optical recorder is Incident via the first re- 
cording stack. The substrate on which the layer struc- 
ture is disposed can either be present adjacent the metal 
layer M. in whch event the laser-light beam enters via 
the first recording stack without passing the substrate, 
or adjacent the first recording stack, in which event the 
laser-light beam enters via the first recording stack after 
passing the substrate layer. At the side of the layer struc- 
ture, which is remote from the substrate, a cover layer 
may be present, which protects the layer structure from 
the environment. 

[0011] The invention is based on the insight that the 
crystallization kinetics of the recording layers has to be 
matched with the themnal and/or optteal properties of the 
layers adjacent the recording layers by the choice of ma- 
terial of the recording layer. Two mechanisnr^s of crys- 
tallization are known: growth dominated and nucleation 
dominated crystallization. The presence of a metal mir- 
ror M causes the second recording stack to be a rela- 
tively fast cooling structure because M acts as a heat 
sink, whereas the first recording stack is a relatively 
slowly cooling structure because of the absence of a 
metal heat sink. In other words the cooling rate, which 
is important for quenching the amorphous phase during 
writing, and the recording sensitivity are different for the 
recording stacks. By choosing recording layers with 
substantially different crystallization properties this can 
be compensated for Addition of at least one transpar- 
ent, and therefore relatively thin, metal layer adjacent 
the first recording stack is possible. The heat sink ca- 
pacity of such an additional metal layer is relatively low. 



Such a layer may therefore be used to fine-tune the op- 
tical reflection and to fine-tune the heat sink capacity of 
the first recording stack. 

[0012] During DOW, the speed with which amorphous 
5 phase recording marks can be recrystallized determines 
the data rate. whk:h is inversely proportional to the CET. 
Before a new mark can be written, the present mark has 
to be erased completely. Thus the speed with which 
erasure or recrystallization can take place limits the 
10 maximum data rate of the recording medium. The first 
recording stack is a relatively slowly cooling structure 
and the recording layer must be thin in order to have 
sufficient laser light transmitted to the second recording 
stack. 

'5 [001 3] When the phase change material of the record- 
ing layer of the second recording stack has a nucleation 
dominated crystallization and has a relatively low CET, 
the choice of the phase change material of the recording 
layer of the first recording stack is a material with growth 

20 dominated crystallization, having a relatively low CET. 
Choosing a nucleation dominated crystallization phase 
change material would result in a relatively high CET 
because nucleation of crystallites is less likely to occur 
when a layer is thin. 

2s [001 4] When the second recording stack has a phase 
change recording layer material with growth dominated 
crystallization and a relatively large CET, it is advanta- 
geous to choose a thin crystallization nucleation domi- 
nated recording layer in the first recording stack in order 

30 to match the behavbr of the recording layer in the sec- 
ond recording stack. 

[0015] The dielectric layers preferably are of a mixture 
of ZnS and Si02, e.g. (ZnS)8o(Si02)2o- Alternatively the 
layers may be of SiOg, TagOg, T102. ZnS, Si3N4, AIN, 
35 AI2O3, MgO, ZnO, SIC, including their non -stoichiomet- 
ric compositions. Especially Si3N4, AlN,Al203, MgO, 
ZnO, SIC are prefen-ed because of their good thermal 
conductivity. 

[0016] For the metal mirror layer metals such as Al, 
40 71, Au, Ni. Cu. Ag, Rh. R, Pd, Ni. Co, Mn and Cr. and 
alloys of these metats, may be used. Examples of suit- 
able alloys are Am, AlCr and AITa. The thbkness of this 
metal minor layer is little critical, but preferably the 
transmission is practically zero for obtaining maximal re- 
45 flection. In practice a layer of about 100 nm. which has 
an optical transmission of zero and which Is easy to de- 
posit, is frequently used. 

[0017] In an embodiment the first recording stack 
comprises a phase change type recording layer of a kind 

so selected from a kind with substantially growth dominat- 
ed crystallization comprising a compound of Q, In, Sb 
and Te wherein Q is selected from the group of Ag and 
Ge, and a kind with substantially nucleation dominated 
crystallization comprising a compound of Ge, Sb and Te. 

55 [0018] Useful as a recording layer with substantially 
growth dominated crystallization is a compound of Q, 
In, Sb and Te, wherein Q is selected from the group of 
Ag and Ge, and 
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cording layer of the first and the second recording stacl<. 
[0030] The surface of the disc-shaped substrate on 
the side of the recording stacks preferably is provided 
with a servo track that can be scanned optically. This 
servo track often is a spiral-shaped groove and is 
formed in the substrate by means of a mould during in- 
jection molding or pressing. These grooves can be al- 
ternatively formed in a replication process in the syn- 
thetic resin of the transparent spacer layer, for example, 
a UV light-curable acrylate. 

[0031 ] The metal mirror layer and the dielectric layers 
have been provided by vapor deposition or sputtering. 
[0032] The phase change recording layer has been 
applied to the substrate by vacuum deposition, electron 
beam vacuum deposition, chemical vapor deposition, 
ion plating or sputtering. 

[0033] The invention will be elucidated in greater de- 
tail by means of an exemplary embodiment and with ref- 
erence to the accompanying drawing, in which Fig.1 
shows a schematic cross-sectional view of the optbal 
information medium in accordance with the invention. 
The dimensions are not drawn to scale. 

Exemplary embodiment. 

[0034] Fig.1 shows the layer structure of an optical in- 
formation medium for rewritable recording by means of 
a laser-light beam 14 or 15. The medium comprises a 
substrate 1 . On a side of the substrate a first recording 
stacks, comprising a phase change type recording layer 
10, is present. The recording layer 1 0 is sandwiched be- 
tween two dielectric layers 9 and 11 which are, for ex- 
ample, made of (ZnS)8o(Si02)2o ^ thickness of e. 
g. 100 nm and 90 nm respectively. 
[0035] A second recording stack 2 Is present, com- 
prising a phase change type recording layer 5, The re- 
cording layer 5 Is sandwrched between two dielectric 
layers 4 and 6 which are, for example, made of (ZnS)8o 
(8102)20 ^ thickness of e.g. 25 nm and 95 nm re- 
spectively. 

[0036] A transparent spacer layer 7 is interposed be- 
tween the first recording stack 8 and the second record- 
ing stack 2, and has a thickness larger than the depth 
of focus of the laser-light beam 1 4 or 1 5. The transparent 
spacer layer 7 may e.g. be a UV-cured acrylate with a 
thickness of e.g. 50 \vfr\, 

[0037] A metal min^or layer 3, e.g. made of aluminium 
with a thickness of 1 00 nm, is present proximate the sec- 
ond recording stack 2 and at the side of the second re- 
cording stack opposite to the side of the transparent 
spacer layer 7. The first recording stack 8 comprises a 
phase change type recording layer 1 0 of a kind with sub- 
stantially growth dominated crystallization or a kind with 
substantially nucleation dominated crystallization. In 
this embodiment the first recording stack 8 comprises a 
phase change type recording layer 1 0 of a kind with sub- 
stantially nucleation dominated crystallization compris- 
ing a compound of Ge, Sb and Te. Suitsd^le Is e.g. the 
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stoichiometric compound Ge2Sb2Te5. with a thrckness 
of e.g. 7 nm. The second recording stack 2 comprises 
a phase change type recording layer 5 of a kind different 
from the kind selected for the first recording stack 8. 
5 Suitable is e.g. the compound of Ge, In, Sb and Te with 
atomic composition Ge<, gin© iSbgaTeso, with a thick- 
ness of 15 nm, with substantially growth dominated 
crystallization. 

[0038] Substrate 1 is a polycarbonate disc-shaped 
10 substrate having a diameter of 120 mm and a thk:kness 
of 0.6 mm. 

[0039] A cover layer 1 2. made of e.g. a UV cured resin 
Daicure SD645, with a thickness of 100 am is present 
adjacent dielectric layer 11 . 
IS [0040] The initial crystalline state of the recording lay- 
ers 5 and 10 is obtained by heating the as-deposited 
amorphous alloy with a focused laser beam in a record- 
er. 

[0041] A laser-light beam 14 for recording, reproduc- 
ing and erasing of information is focused onto recording 
layer 10 of the first recording stack 8, and enters the 
stack 8 via the cover layer 12. Laser-light beam 15 is 
focused onto recording layer 5 of the second recording 
stack 2. 

25 [0042] The first recording stack has a transmission of 
about 67 % in the amorphous state and a transmission 
of about 47 % in the crystalline state. The first recording 
stack has a reflection of about 1 .6 % in the amorphous 
state and a reflection of about 8.2 % In the crystalline 

30 state. The second recording stack has an effective re- 
flection of about 0.9 % in the amorphous state and an 
effective reflection of about 8.5 % in the crystalline state. 
The word effective meaning as "seen" through the first 
recording stack. The stacks have good recording prop- 

35 erties. The jitter is below 13% up to 4000 overwrite cy- 
cles. 

[0043] The invention provides a rewritable phase 
change optical information medium, such as DVD- Rewri- 
table or DVR, with at least two recording layers, dis- 
40 posed on a side of a substrate, and which recording lay- 
ers require a substantially equal recording velocity and 
a substantially equal laser-light write pulse strategy. 

45 Claims 

1. An optical information medium for rewritable re- 
cording by means of a laser-light beam (14, 15), 
said medium comprising a substrate (1) having dis- 
50 posed on a side thereof: 

a first recording stack (8) comprising a phase 
change type recording layer (10), sandwiched 
between two dielectric layers (9, 11), 
55 - a second recording stack (2) comprising a 
phase change type recording layer (5). sand- 
wiched between two dielectric layers (4, 6), 
a transparent spacer layer (7), Interposed be- 



EP 1 208 565 B1 



5 



BNSOOCID: <EP. 



120856581 I > 



11 

3. Optisches Informationsmedtum nach Anspmch 2, 
dadurch gekennzeichnet, dass die atomare Zu- 
sammensetzung der Verbtndung aus Q, In, Sb und 
Te durch die Formel QalnbSb^Ted definiert wird und 
0 < a ^ 15, 0 < b <6. 55 <c^ 80. 16^d ^35. a + 
b + c + d = 100 gilt. 

4. Optisches Informationsmedium nach Anspruch 2, 
dadurch gekennzeichnet, dass die atomare Zu- 
sammensetzung der Verblndung aus Ge, Sb und Te 
durch eine Fldche in dem temaren Zusammenset- 
zungsschema Ge-Sb-Te definiert wird, wobei diese 
FIdche eine viereckige Form hat, mit den Eckpunk- 
ten: SbsTey, Ge2Te3, Ge3Te2, und SbTe. 

5. Optisches tnfomnationsmedlum nach Anspruch 4, 
dadurch gekennzeichnet, dass die atomare Zu- 
sammensetzung der Verblndung von Ge, Sb und Te 
durch die Formel Ge5(jxSb4Q.4;)xTe6Q.<|Qx, und 0,166 
^ X ^ 0,444 definiert wird. 

6. Optisches Informationsmedium nach Anspmch 1, 
2, 3, 4 Oder 5, dadurch gekennzeichnet, dass die 
Phasenanderungsaufzeichnungsschicht (10) des 
ersten Aufzek:hnungsstapels (8) eine Dicke zwi- 
schen 5 und 15 nm hat, und dass die Phasenande- 
rungsaufzeichnungsschicht (5) des zweiten Auf- 
zeichnungsstapels (2) eine Dicke zwischen 10 und 
35 nm hat. 

7. Optisches Informationsmedium nach Anspruch 1, 
dadurch gekennzeichnet, dass die transparente 
Spacerschicht (7) eine Dicke von zumindest 10 Mi- 
krometern aufweist. 



Revendications 

1 . Support optique d'infonmation pour Tenregistrement 
rSinscriptible au moyen d'un f aisceau de lumi^re la- 
ser (14. 15), ledit support comprenant un substrat 
(1 ) ayant dispose sur un c6t6 de celui-ci: 

une premiere pile d'enregistrement (8) compre- 
nant unecouche d'enregistrement (10) du type 
de changement de phase qui est enfermte en- 
tre deux couches di^tectriques (9, 11), 
une seconde pile d'enregistrement (2) compre- 
nant une couche d'enregistrement (5) du type 
de changement de phase qui est enfenmee en- 
tre deux couches diSlectriques (4, 6), 
une couche d*espacement transparente (7) qui 
est interpos^e entre la premiere (8) et la secon- 
de pile d'enregistrement (2) qui pr^sente une 
6paisseur dtant sup^rieure ^ la profondeur de 
focalisation du faisceau de lumidre laser (14, 
15), et 

une couche k miroir metalllque (3) pr^sente h 
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proximite de la seconde pile d'enregistrement 
(2) et d un cote de la seconde pile d'enregistre- 
ment (2) qui se situe k I'oppose de la couche 
d'espacement transparente (7), 

5 

caracterlse en ce que 

la premiere pile d'enregistrement (8) comprend 
une couche d'enregistrement (10) du type de 

10 changement de phase d'un genre qui est s6lec- 

tionne k parti r d'un genre avec une cristallisa- 
tion sensiblement dominee par croissance et k 
partir d'un genre avec une cristallisation sensi- 
blement dominie par nucl^ation et 

15 - la seconde pile d'enregistrement (2) comprend 
une couche d'enregistrement (5) du type de 
changement de phase d'un genre qui est diffe- 
rent du genre qui est selection n§ pour la pre- 
miere pile d'enregistrement (8). 

20 

2. Support optique d'information selon la revendica- 
tion 1 , caracterlse en ce que la premiere pile d'en- 
registrement (8) comprend une couche d'enregis- 
trement (1 0) du type de changement de phase d'un 

25 genre qui est sdlectionnd k partir d'un genre avec 
une cristallisation sensiblement dominie par crois- 
sance comprenant un compost de Q, de In, de Sb 
et de Te oil Q est s6lectionn6 k partir du groupe de 
Ag et de Ge, et k partir d'un genre avec une cristal- 

30 lisation sensiblement dominie par nucleation com- 
prenant un compost de Ge, de Sb et de Te. 

3. Support optique d'information selon la revendica- 
tion 2, caracterlse en ce que la composition ato- 

35 miquo du compose de Q, de In, de Sb et de Te est 
d6fini J par la formula QalNi^Sb^Te^j ou 0 < a ^ 15, 0 
< b ^ 6, 55 ^ c £ 80, 16 ^ d ^ 35, a+b-K:-i-d=1 00. 

4. Support optk|ue d'information selon la revendica- 
40 tion 2, caracterlse en ce que la composition ato- 

mlque du compost de Ge, de Sb et de Te est d6f inie 
par une zone dans le schema de composition ter- 
nalre Ge-Sb-Te, ladite zone 6tant de forme qua- 
drangulaire ayant les sommets: Sb3Te7, Ge2Te3, 
45 Ge3Te2 et SbTe. 

5. Support optique d'information selon la revendlca- 
tion 4, caracterlse en ce que la composition ato- 
mique du compost de Ge, de Sb et de Te est ddf inie 

50 par la fonnule Ge50xSb4Q^],Teeo.^ox< et 0,1 66 :^ x ^ 
0.444. 

6. Support optique d'information selon la revendica- 
tion 1 , 2, 3, 4 ou 5, caracterlse en ce que la couche 

55 d'enregistrement (10) du type de changement de 
phase de la premiere pile d'enregistrement (8) pre- 
sente une ^paisseur dans la gamme comprise entre 
5 nm et 15 nm et en ce que la couche d'enregistre- 
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